18 Investigating historical gene flow in species complexes can indicate how environmental and reproductive 19 barriers shape genome divergence before speciation. The processes influencing species diversification under 20 environmental change remain one of the central focal points of evolutionary biology, particularly for marine 21 organisms with high dispersal potential. We investigated genome-wide divergence, introgression patterns and 22 inferred demographic history between species pairs of all extant rock lobster species (Jasus spp.), a complex 23 with long larval duration, that has populated continental shelf and seamount habitats around the globe at 24 approximately 40 o S. Genetic differentiation patterns revealed the effects of the environment and geographic 25 isolation. Species associated with the same habitat structure (either continental shelf or seamount/island) 26 shared a common ancestry, even though the habitats were not adjacent. Differences in benthic temperature 27 explained a significant proportion (41.3%) of the genetic differentiation. The Eastern Pacific species pair of J. 28 caveorum and J. frontalis retained a signal of strict isolation following ancient migration, whereas species pairs 29 from Australia and Africa and seamounts in the Indian and Atlantic oceans included events of introgression 30 after secondary contact. Parameters estimated for time in isolation and gene flow were congruent with 31 genetic differentiation metrics suggesting that the observed differentiation patterns are the product of 32 migration and genetic drift. Our results reveal important effects of habitat and demographic processes on the 33 divergence of species within the genus Jasus providing the first empirical study of genome-wide drivers of 34 diversification that incorporates all extant species in a marine genus with long pelagic larval duration.
Libraries were demultiplexed and reads were filtered for overall quality (-c, -q and -r options) using 141 process_radtags in STACKS v.2.0b9 (Catchen et al. 2013) . The Stacks pipeline denovo_map.pl was executed to 142 run each of the Stacks modules individually (ustacks, cstacks, sstacks and populations) . The formation of loci 143 was allowed with a maximum of two nucleotides between stacks (M = 2) and a minimum stack depth of three 144 (m = 3) among reads for accurate calling (ustacks module). Reads were aligned de novo with each other, and 145 a catalogue of putative RAD tags was created (cstacks module). Putative loci were searched against the catalog 146 (sstacks module) and further filtering was then conducted in the populations module.
147
Retained reads were present in at least 70% of samples within each species, were detected in all 148 species, had a rare allele frequency of at least 2% and had no more than 2 alleles detected. Potential paralogs 149 were excluded by removing markers with heterozygosity > 0.50 within samples and analyses were restricted 150 to one random SNP per locus (using --write_random_snp) . These filtering steps aimed to exclude as many SNPs 151 as was possible with genotyping errors and missing data. inbreeding coefficients and for discriminant analyses of principal components (DAPC) and membership 158 probability plots (Jombart 2008) . Outlier analyses were conducted in BayeScan to look for signatures of 159 selection. Prior odds were set to 100 to minimize chances of false positives with 5,000 pilot runs, followed by 160 100,000 iterations (5,000 samples, a thinning interval of 10, and a burn-in of 50,000 after past isolation. Six additional models were built to include expansion/contraction events in the initial 197 models (suffix 'ex'). All models were implemented allowing for asymmetric migration rates (m12, m21).
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Demographic inference was performed using the diffusion approximation method implemented in the Table 2 ). No signatures of selection were detected by the outlier detection analyses (Fig. S1 ). Lobster species 256 were grouped into three main clusters by discriminant analyses of principal components when using 2 PCs 257 (52.3% variation) ( Fig. 2 ). There was evidence of admixture, in particular between J. paulensis -J. tristani in 258 the membership probability plot and the DAPC results, and pairwise FST values ( Fig. 1 and 2 ). The first DAPC 259 axis (LD1) explained 29.9% of the variation and highlighted the divergence between habitat structure (i.e. J.
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260 edwardsii and J. lalandii vs. remaining species; Fig. S2a ), while the second DAPC axis (LD2), which explained 261 22.4% of the variation, showed three main clusters and highlighted the differences between J. paulensis and 262 J. tristani and the remaining species (Fig. S2b ). genetic differentiation while controlling for the effects of geographic distance (41.3%; p<0.001; Table 3 ).
278
All seven environmental variables explained 18% of the variation in rock lobster species (p<0.001)
279
when using the constrained ordination in RDA analyses. All values of the variance inflation factors were below 280 five, indicating that multicollinearity among the predictor variables is not inflating the model. The first five 281 constrained axes were significant in explaining the genetic variation between species (each explaining 53.3%, 282 25.3%, 12%, 5.2% and 2.2%, respectively; p<0.001; Fig. 3 ). Genetic variation of J. caveorum and J. frontalis was 283 associated with higher surface temperature, while J. paulensis and J. tristani were associated with lower 284 surface temperature. J. edwardsii and J. lalandii were associated with higher benthic temperature, benthic 285 current velocity and benthic iron. Finally, J. lalandii was associated with higher surface phytoplankton, while 286 J. edwardsii was associated with higher surface current velocity (Fig. 3 ).
287
288 Table 3 Summary of the models for the multiple regression of distance matrices (MRDM) analyses using FST as Table 3 for a detailed description).
300 301
Relationships among lineages 302 303 Results from TREEMIX identified three ancestral events of admixture (Fig. S3 ). However, from the 304 three-population test of admixture, only two f3 values were negative with associated Z-scores < -0.6, indicating 305 evidence that J. tristani does not form a simple tree with J. paulensis, J. lalandii and J. edwardsii, but rather 306 may be a mixture of these (Table S2 , Supporting information). Therefore, the three-population test supported (Table S3 , Fig. S4 ). Incorporating 318 population expansion events (suffix 'ex') improved the fit of PSC models for all species pairs but there was not Table 4 , Fig. S4 and Fig. S5 (supporting information) .
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The best supported model for the J. paulensis -J. tristani pair was PSCex (Table S3 ). Within this model, 327 total divergence time between species was approximately 25,826 ± 6,286 years ago (Table 4 ). The period 328 without contact was approximately 5.4 times longer than the period with secondary contact. The best 329 supported model for the J. edwardsii -J. lalandii pair was PSCex (Table S3 ). Total divergence time between J. 330 edwardsii and J. lalandii was approximately 38,460 ± 12,242 years ago ( Table 4 ). The period without contact 331 was approximately 38.8 times longer than the period with secondary contact. Finally, the best supported 332 model for the J. caveorum -J. frontalis pair was PAMex (Table S3 ). Within this model, total divergence time 333 between species was approximately 28,709 ± 12,674 years (Table 4 ) and the period without contact was 334 approximately 8.1 times longer than the period with ancient migration. Therefore, divergence times with 335 errors overlap across the three species pairs and was estimated to be between 19,540 and 32,112 years for J. have shaped the present genetic signatures of Jasus lobsters (Fig. 5 ).
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Are species genetically isolated?
407
The present study suggests that global processes might have driven initial divergence across all Jasus 408 species. However, current genetic signatures highlight the complexities exclusive to each species evolution.
409
For example, J. edwardsii and J. lalandii were the most genetically differentiated species pair (FST=0.230), 410 followed by J. caveorum -J. frontalis (FST=0.081) and J. tristani -J. paulensis (FST=0.022). This was in agreement 411 with the parameters estimated from demographic modelling, in particular the period of gene flow estimated
